Objective: Obese individuals with a binge eating disorder (BED) differ from obese non-binge eaters (NBED) with respect to (a) eating behaviour, (b) psychiatric comorbidity and (c) level of psychosocial distress. The aim of the study was to explore whether these three factors have an influence on cardiac parasympathetic function, that is independent of obesity: as alterations in cardiac parasympathetic function may have a role in the higher cardiovascular mortality that is present in obese individuals. Methods: In total, 38 obese women (BMI430 kg/m 2 ), with a BED and 34 age and BMI matched healthy controls (NBED) completed a laboratory stress protocol that incorporated a baseline resting period, Head-up Tilt Testing (HUT) and two challenging mental tasks. Heart rate and blood pressure were measured continuously during the protocol. Parasympathetic cardiac regulation was assessed as the high frequency component of heart rate variability (HRV-HF). Results: Mental challenge led to an augmented reduction of HRV-HF in obese binge eaters, which was linked to the binge eating frequency and hunger perception, but not to psychiatric comorbidity. During baseline conditions and HUT, no significant differences in parasympathetic measures were observed between the two subject groups. Conclusion: Subjects with a BED showed greater reduction in parasympathetic cardiac control (HRV-HF) during mental stress, suggesting higher stress vulnerability in women with a BED. Longitudinal investigations are necessary to evaluate whether this is associated with an increased cardiovascular mortality.
Introduction
Since the research criteria for the binge eating disorder (BED) were reported for the first time in the 4th edn of the Diagnostic Statistical Manual in 1994, 1 epidemiological studies have shown a point prevalence of 1-3% for BED in the general population. In obese patients seeking treatment for weight loss, higher rates have been observed, with prevalence of BED reaching 16.1-27.5%. 2 Individuals with a BED show recurrent episodes of binge eating similar to patients with bulimia nervosa (BN), but without compensatory behaviours such as self-induced vomiting and laxative misuse. Due to these binge eating episodes, where a sizable amount of food is consumed in a short time without feeling necessarily hungry, the disorder is associated with overweight or severe obesity in the majority of cases. In comparison to other forms of overeating, BED is further specified by a 'definite sense of loss of control at the time of eating'. 1 A number of clinical and community studies have shown a substantially increased psychiatric comorbidity and psychosocial distress in BED compared to their non-binging counterparts (NBED). For example, BED patients are three times more likely to suffer from major depression compared to NBED subjects. 3 Like other psychiatric diseases, there is evidence that stress plays an important role in the pathology of BED. Individuals who engage in binge eating appraise challenging situations as more stressful and show greater difficulties managing the emotional consequences of stress, in comparison to subjects without an eating disorder. 4 As in patients with BN, the relationship between negative mood and binge eating pathology has also been reported for individuals with a BED. [5] [6] [7] Psychophysiological research has greatly advanced our understanding of the importance of the parasympathetic nervous system, in addition to the sympathetic branch, in stress and emotional regulation. 8, 9 In clinical disorders associated with chronic stress, such as depression, anxiety and post-traumatic stress disorder the association between restricted parasympathetic function and emotional dysregulation has been well defined. [10] [11] [12] A relevant research question, therefore, is whether the deficiency in emotional coping with challenging situations and the comorbid depression in BED subjects are associated with alterations of parasympathetic cardiac function. Epidemiological studies have shown that obesity is an independent risk factor for cardiovascular morbidity and mortality: 13, 14 alterations of the autonomic nervous system function are thought to play an important role in the higher cardiovascular mortality. 15 Heart rate variability (HRV) studies in healthy obese individuals have shown a lowered parasympathetic tone compared to nonobese healthy controls. [16] [17] [18] [19] In line with these results, body weight loss leads to an increase in parasympathetic power. 20, 21 Furthermore, obese patients show a pronounced depression of parasympathetic function in response to mental challenge. 16 Reduced HRV and low parasympathetic activity are well-known independent risk factors not only for cardiac events, but also for all causes of mortality. [22] [23] [24] The aim of the present study was to explore whether obese patients with a BED show differences in parasympathetic function that are independent of comorbid obesity. We hypothesized that BED patients compared to NBED subjects will show decreased parasympathetic function during baseline and stress-induced conditions, thus pointing to an extra cardiovascular risk. To address this question, parasympathetic modulation of heart rate was assessed in obese binge eaters and obese NBED. This was done under resting conditions, Head-up Tilt Testing (HUT) together with the use of a mental challenge.
Methods

Participants
In total, 38 obese women with a BED who participated in a larger CBT group-intervention study volunteered. Half of the BED group revealed a full syndrome BED (DSM IV, 1994), 1 whereas the other 50% met all criteria, except for the binge eating frequency. In total, 34 age and BMI matched healthy female controls without an eating disorder (NBED) were recruited through the local press. Before entering the study, all patients underwent routine physical examination and were asked about their medical and past medical history by a physician (H-CF). Individuals with a history of cardiovascular diseases, metabolic disorders and other diseases that have a known influence on the autonomic nervous system were excluded. Further inclusion criteria were a BMI above 30 kg/m 2 , age between 30 and 65 years and no current medication.
Furthermore, participants who showed stage II hypertension 25 (4160/95 mmHg) during seated rest on the experimental day were excluded. All subjects gave written informed consent and the study was approved by the local Ethical Committee of the Medical University of Heidelberg.
Body composition measures
Height (cm) and weight (kg) were measured to calculate BMI (kg/m 2 ). As an additional measure of obesity, the free fat mass (FFM) in percent was determined using the Bio-Impedance analysing method (Akern 101, RJL Systems, Florence).
Diagnostic interview
All subjects participated in a Structured Clinical Interview (SCID), based on DSM-IV criteria to assess current and past axis I disorder. 26 The interview was conducted by a clinical psychologist (AQ). The classification of a current BED was determined on the interview and was consistent with the DSM-IV definition (APA, 1994). 1 The interview also included questions on exercise habits. Physical exercise was classified as hours of sport undertaken per week.
Self-report questionnaires
After the diagnostic interview, participants were asked to complete the following questionnaires: The Three Factor Eating Questionnaire (TFEQ) is a psychometrically established self-report questionnaire addressing restrained eating, disinhibition and hunger. 27 Restrained eating measures the successful restriction of caloric intake (range: 0-21); disinhibition measures the loss of control on eating pattern and social/emotional eating (range: 0-16); hunger measures subjective feeling of hunger (range: 0-14). For the analyses, continuous values of the three dimensions were considered. In the present study the German version by Pudel and Westenhöfer was employed. 28 Stress perception was measured using the Psychosocial Stress Severity scale of the Patient Health Questionnaire (PHQ-D). The PHQ-D is a self-administered version of the PRIME-MD (Primary Care Evaluation of Mental Disorders) diagnostic instrument for common mental disorders in primary care. 29, 30 In this study, only the results of the Psychosocial Stress Severity scale of the PHQ are reported. The Psychosocial Stress Severity scale measures general distress resulting from about 10 common psychosocial stressors (e.g. financial status, family relationships, work, health) using a summary score (range: 0-26).
The affective reaction to the mental stress tasks was assessed using the Self-Assessment Manikin (SAM), a widely used instrument in psychophysiological research. SAM is a nonverbal pictorial assessment technique that directly measures pleasure (SAM 1) and arousal (SAM 2) on scales ranging from 1 to 9 each. 31 Participants were asked to rate
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Procedure All patients were placed on a tilt table device with a foot board support. The evaluation of the autonomic nervous system took place between 10.00 and 12.00. Participants were asked to eat a light breakfast and then avoid eating and drinking alcoholic or caffeine-containing beverages for 2 h preceding the experiment. After attaching the ECG-, impedance-electrodes and blood pressure cuffs, subjects relaxed for 15 min in a supine position in a quiet, comfortable environment. The arm with the adjusted finger cuffs was positioned such that the lower arm remained near the hydrostatic indifference point at any posture. After the relaxation period, heart rate and blood pressure recordings were conducted for 5 min of supine rest ('baseline I'). This was followed by a passive orthostatic manoeuvre of 751 achieved with a motorized tilt table. The almost upright position was maintained for 10 min. For the evaluation of the cardiovascular response to orthostatic stress, the period 3-10 min after tilting was used ('orthostatic stress'). Recordings were confined to this period because directly after tilting there is a considerable instability in autonomic function.
For the mental stress tasks, all subjects sat on a comfortable chair. After relaxing for 10 min, the second experiment began with baseline recording for 5 min ('baseline II'). This was followed by the counterbalanced presentation of a standard Stroop Colour-Word Interference Test (CWT) and a delayed auditory feedback task (DAF-Test) of 3 min duration each. During the CWT-Test, all participants were presented with a matrix of words on a computer screen. The colours of the words were discordant with the semantic meaning of the words. Participants were asked to name the ink colours as quickly as possible, while ignoring the meaning of the word. During the DAF-Test, participants were asked to read a fairy tale aloud. A delayed acoustic feedback (300 ms) provided by a head-set was used to provoke stuttering. The participants were made to believe that their reading is recorded and would be evaluated regarding interruptions of speech flow and word repetitions. 32 Both tasks are known for stable and reproducible increases in blood pressure and heart rate. 33, 34 For the statistical analyses the two tasks were summarized and will be referred to as 'mental stress'.
Determination of autonomic parameters
The investigation included the simultaneous recording of heart rate, blood pressure and respiration with a computerbased System (Task Force Monitor s ; CNSystems, Graz, Austria 35 ). The lead Einthoven II of the electrocardiogram was used for the detection of the R-peak. Blood pressure measurement was recorded noninvasively and continuously using finger-cuffs. 36 The continuous blood pressure signal was equilibrated in intervals of a minute by oscillometric blood pressure measurement of the contralateral upper-arm. Respiration frequency was recorded using the technique of impedance pneumography. The ECG and beat-to-beat blood pressure signals were sampled with a frequency of 1000 Hz and changes of thoracic impedance due to respiration with 50 Hz. Time series of heart period data were visually displayed to control for outliers and artefacts. ECG-sequences that showed premature beats and artefacts were excluded from the analysis. A commercial software package (TFM Software V2.0, CNSystems, Graz, Austria 37 ) was employed to determine HRV with an adaptive autoregressive model (AAR) as proposed by Bianchi et al., 38 using a recursive least squares algorithm. 39 Time-variant AR coefficients are determined by adaptive parametric identification which obtains weighted values of a sliding exponential window. The time-varying power spectrum is calculated from the adaptive AR coefficients derived from the time series of RR-intervals. Power spectral densities were quantified by the area within the frequency bands, which were determined according to international guidelines: 40 
Statistical analysis
The spectral components were transformed with natural logarithms to reduce the skewness of their distributions. The autonomic response parameters were calculated as the arithmetic difference (D) between the testing conditions 'orthostatic stress' and 'baseline I', as well as 'mental stress' and 'baseline II'. All statistical evaluations were preceded by a one-sample Kolmogorov-Smirnov test to ascertain the distribution of the continuous variables. Association among continuous variables was evaluated by the Pearson's productmoment (Pearson's r) or by the Spearman' s rank correlation coefficient (Spearman's r) when appropriate. Groups were compared for categorical data or frequency of events using the w 2 test (Yates-correction) and for continuous variables using Student-t test for independent samples or MannWhitneys U-test when appropriate. Analysis of covariance (ANCOVA) was used to control for potential confounding effects of respiratory rate (baseline conditions) and between task variation of breathing (orthostatic stress, mental stress) on between group differences. Multiple regression analysis was used to evaluate whether psychiatric comorbidity and/or eating disorder pathology accounted for group differences in pararsympathetic regulation. Paired-samples t-tests were used for within-subject comparisons between experimental
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Results
The clinical characteristics and psychological measures are presented in Table 1 . Subjects in the two groups were comparable with respect to age, RR-Interval, arterial blood pressure, BMI, percentage of body FFM, onset of obesity, menopause status and exercise habits. The mean binge eating frequency was 2.3 times per week with a standard deviation of 2.0, due to the inclusion of women with a diagnostic subthreshold incidence of binging. The SCIDInterview revealed a significant higher psychiatric comorbidity in obese binge eaters (P ¼ 0.003), particularly for depressive disorders (P ¼ 0.01), compared to obese NBED. Four patients in the BED group and two in the obese control group met the criteria for a major depressive disorder. Selfreport questionnaires revealed significant higher scores for psychosocial stress severity (PHQ-D) as well as disinhibition of eating behaviour and subjective hunger (TFEQ) in BED individuals compared to NBED women.
Baseline parameters
During supine and seated rest, no significant group differences for autonomic cardiovascular parameters and respiratory rate were observed between obese binge eaters and obese NBED ( Table 2 , baseline II is not depicted). Furthermore, no within-subject differences were observed for autonomic parameters between baseline I and II for BED and NBED. Subjective ratings of arousal valence (SAM 1) during seated rest and before the mental tasks revealed a marginally significant higher arousal in obese binge eaters compared to controls during baseline conditions (P ¼ 0.051). However, valence ratings showed no group differences (P ¼ 0.11).
Reactivity to stressors HUT and mental stress led to autonomic activation with a significant decrease in RR-Interval, HRV-TP, HRV-HF and an increase in MAP (all Po0.001) in the whole sample. Group comparison between BED and NBED women revealed no significant autonomic differences in response to orthostatic stress. Between-task variation of respiratory rate showed no significant group differences during passive orthostatic change (Table 3) .
During mental stress, a more pronounced decrease of HRV-HF was observed among obese binge eaters compared to obese NBED (Table 3 ; Figure 1 ). The pronounced decrease in parasympathetic control in BED subjects during mental stress was not associated with significant changes in RRInterval or MAP. According to the analysis of covariance (ANCOVA), the group effect (BED vs NBED) on the HRV reactivity in the HF-band during mental stress was not confounded by group differences in between-task variation of respiration. With respect to absolute values, no group differences in parasympathetic function were observed during mental and orthostatic stress.
In a series of correlational analyses, the association between parasympathetic change in response to mental stress (dependent variable) and psychiatric comorbidity, psychosocial stress perception (PHQ-D) and eating behaviour (binge eating frequency, TFEQ) as independent variables was examined. The results revealed that the subjective hunger score of the TFEQ (r ¼ À0.287; P ¼ 0.018, Figure 2 ) as well as the binge eating frequency (r ¼ À0.279; P ¼ 0.021) were negatively associated with parasympathetic reactivity during stress. Simultaneous consideration of the group variable (BED vs NBED) together with eating behaviour variables as predictors of parasympathetic reactivity (using multivariable Binge eating disorder and parasympathetic function H-C Friederich et al regression) showed that the binge eating frequency or the subjective hunger score of the TFEQ accounted for the observed group differences in parasympathetic function between obese binge eaters and obese NBED. This finding was corroborated by a backward-elimination procedure. Subjective ratings directly after the mental stress tasks showed similar arousal reactions in both groups (P ¼ 0.47), but a significant group differences for valence (P ¼ 0.047) ratings. Obese binge eaters rated their mood significant lower in response to the mental stress tasks compared to obese NBED. The degree of difficulty of the tasks was evaluated similarly by both groups (P ¼ 0.382).
Discussion
In this investigation, BED was related to the magnitude of changes in parasympathetic cardiac control (HRV-HF) during mental stress in obese persons. BED subjects had a significantly more pronounced decrease in parasympathetic control of the heart during mental stress compared to obese NBED.
Against our predictions, during baseline conditions and orthostatic challenge, no group differences in vagal function were found. Orthostatic challenge led to a comparable decrease in parasympathetic function in BED and NBED. The results of upright positioning, as a physical stressor, showed that there was a similar feedback regulation of peripheral reflex circuits in both groups. Thus, differences in BED subjects during mental stress suggest an involvement of higher brain centres linked to psychiatric comorbidity or eating disorder specific pathology.
In agreement with the literature, women with a BED had significantly higher psychopathology, particularly depressive disorders compared to NBED.
41 Surprisingly, this psychiatric comorbidity did not explain the observed group differences in autonomic function in response to mental stress. A review Binge eating disorder and parasympathetic function H-C Friederich et al of the literature revealed that especially for patients with coronary heart disease (CHD) an association between reduced HRV and depression was consistently shown. [42] [43] [44] However, in subjects without cardiovascular diseases conflicting results have been reported and no consensus exists at present. [45] [46] [47] Furthermore, in the present study, in comparison to most of the other studies, only a subgroup of patients suffered from clinical depression. Eating behaviour related factors such as the subjective hunger score of the TFEQ as well as the binge eating frequency per week instead were related to parasympathetic depression during stress and accounted for the observed group differences. In a number of studies, the importance of an impairment in affect regulation for the initiation and maintenance of binge eating in BED has been shown. [48] [49] [50] Based on these findings, a widely accepted theoretical explanation for binge eating is that binge eaters learn to regulate negative emotions and stress by eating. Problems identifying and expressing emotions make it more difficult for patients with a BED to cope with negative emotions and psychosocial stress. 51 This was supported in the present study by a lower mood rating in reaction to the mental stress tasks. Parasympathetic cardiac regulation during stress has received considerable attention as a physiological marker for emotional processing and self-regulation in recent years. 8, 9, [52] [53] [54] Consequently, the present data suggest that physiological emotion related self-regulatory mechanisms during achievement challenge are compromised in obese women with BED. The definition of binge eating in DSM-IV (APA 1994 1 ), except for the time criteria, is identical for BED and for bulimia nervosa (BN). Thus, a challenging question is to what degree women with BED and BN have similarities in parasympathetic regulation. HRV-studies in BN patients at rest revealed consistent evidence for vagal hyperactivity compared to normal weight healthy controls. [55] [56] [57] To date, only three studies have examined stress-induced cardiovascular responses in women with eating disorder tendencies or BN: they have provided conflicting results for heart rate and blood pressure reactivity. [58] [59] [60] To our knowledge, no studies have addressed cardiac parasympathetic activation during mental stress in BN. Consequently, a conclusive comparison with BN subjects regarding parasympathetic regulation in relation to mental stress is currently not possible. Since in bulimia nervosa, an increased baseline parasympathetic activity is discussed to drive the abnormal eating behaviour, 56 it is noteworthy that binge eating in obesity, as
shown in the present study, was not associated with differences in basal vagal tone. Laederach-Hofmann et al. 16 showed that increasing body weight respectively BMI is negatively related to enhanced parasympathetic depression during stress. The data in this report provide evidence that BED in obese subjects is associated with parasympathetic depression during mental stress that is even greater than that seen in obese subjects without a comorbid eating disorder. Continuously lowered parasympathetic function is a well-known risk factor for cardiac events and illness in patients with and without cardiovascular diseases. This prognostic value of HRV is independent of other important indicators, such as frequency of ventricular arrhythmias and impairment of left ventricular ejection fraction. [61] [62] [63] [64] [65] [66] To what extent a transitional augmented decrease in parasympathetic function during stress in obese women with BED is of prognostic value can only be speculated at this point. The view that mental and emotional stress may predispose to malignant arrhythmias has gained support from behavioural research in patients with an implantablecardioverter defibrillator in recent years. 67, 68 Furthermore, using the tool of heart rate turbulence, several investigators have shown that an impairment in parasympathetic regulation as a response to premature ventricular beats can induce life-threatening arrhythmias. 69 Obese women with a BED were highly distressed and probably show frequent withdrawals of parasympathetic function during day and night. 24 h ECG-Data as well as longitudinal studies will be required to test this hypothesis, that there is a higher cardiovascular risk among obese binge eaters compared to obese NBED. Subsequent research should also include direct measures of the sympathetic branch of the autonomic nervous system (i.e. muscle sympathetic nerve activity). The parasympathetic and sympathetic nervous system are not considered as strictly reciprocal branches of one system, but rather as two independent acting systems of autonomic regulation. Consequently, potential contributions of the sympathetic nervous system to our findings would be of interest. Several investigators argue that a distinction between BED and other forms of overeating is not of clinical and therapeutic relevance. 70 The present results are another important piece of information which add to the growing body of evidence that BED subjects are distinct from obese NBED. 71 Furthermore, high psychosocial distress and differences in parasympathetic regulation related to stress suggest that cognitive aspects of coping and self-regulation should be another focus of treatment in addition to weight reduction in women with BED. There are several potential shortcomings in this study. The health status was based on the physical examination and on the reported past and present medical history. Therefore, undiagnosed or subclinical metabolic, neuroendocrinological and cardiovascular differences between the groups cannot be completely ruled out. However, the two groups were carefully matched for BMI, age and baseline blood pressure to minimize the probability of group differences other than the hypothesized ones. Half of the patient group was classified as subtreshold BED, since they did not meet the frequency criteria for a BED according to the DSM IV criteria. This was largely due to a great variability of the binge eating frequency over time, which is a well-known problem in the classification of the disorder. 72, 73 Furthermore, the objective definition of a binge (its size and duration) is problematic. Since autonomic control during
Binge eating disorder and parasympathetic function H-C Friederich et al rest and mental challenge were not different between women with the full syndrome and subjects with subtreshold BED, they were examined as a single sample. The challenging conditions were presented in a fixed order as orthostatic stress was always followed by mental stress. One might argue that this sequential design has led to a progressive order effect with an accumulation of the stress level over time. This could have explained why a significant difference between BED and NBED was only observed in response to mental, but not to orthostatic stress. The lack of within-subject differences between the two baseline conditions however speaks against the assumption of a progressive stress tone over time. Furthermore, there was a substantial interruption between the two experiments of at least 15 min, due to changing the position and preparation of the mental stress tasks, which had provided time for relaxation. A final limitation of the study was that the tidal volume of respiration was not measured. However, respiratory rate has been shown to be more important than amplitude in determining high frequency HRV. 74 
Conclusion
The present findings show evidence for a more pronounced parasympathetic depression during achievement challenge, which was linked to the eating disorder pathology. Further research is required to investigate whether the stress-induced autonomic regulatory abnormalities are associated with an increased cardiovascular risk in obese individuals with a BED.
